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BY M, R o g a i l o  and. John 0, L o w r y  

GUMWARP 

An i n v e s t i g a t i o n  was made i n  t h e  NACA 7- by I O - f o o t  
wind  tunnel .  t o  d a t e r m i n e  t h e  aerodynamic  s e c t i o n  c h a r a c -  
t e r i s t i c s  of s e v e r a l  a r r angemont s  o f  zn  NACA f u l l - s p s n  
highdL9.f: l a t e r a l - c o n t r o l  combina t ion ,  The combina t ion  
i s  e s s e n t i a l l y  a f u l l - s p a n  f l a p  o f  a j r f o i l  p r o f i l e  t h a t  
r e t r a a t a  ahead  o f  a narrow-chord  f u l f - s p a n  a i l e r o n ,  I n  
t h e  f l a p - r e t r a c t e d  condition t h e  a i1e rGn  i s  s, conven- 
t i o n a l .  t r a i l l n g - 9 e d g e  a i l e r o n  of s h o r t  c h o r d  and l c n g  
span, I n  t h e  f l a p - d a f l e c t e d  c o n d i t i o n  t h e  f l a p  i s  s i m i . -  
l a r  t o  a Fowler  f l a g  a n d  t h o  a i l e r o n  becomes a f u l l - s p a n  
s l o t - l . i p  a i l e r o n .  The a i i c r o n  i s  d r o o p e d  i n  t h e  f l a p -  
d e f l e c t e d  c o n d i t i o n  L o  iinprove high-li ft c h a r a u t e r i s t i c s .  
! J e s t s  were r u n  at, e e v e r a i  a i l e r o n  and f l a p  a n g l e s  and 
w i t h  s e v e r a l  w i d t h 3  of s l o t  t o  dei ;ermine t h e  optimum ar- 
xangement ,  

Comparisons made w i t h  a Fowler  and a n  NACA s l o t t e d  
f l a p  showed t h a t  t h e  combina t ion  urlder i n o o s t i g a f i o n  gave  
l i f t ,  c o e f f i c i e n t s  as h i g h  as t h e  o t h e r  s l o t t e d  f l a p s ,  and 
a l s o  p r c v i d e d  l a t e r a l  c o n t r o l  wjt.h fuI l - spaI :  f l .&ps i n  a l l  
f l i g h t  c o n d i t i o n s ,  There was, however ,  an  i n c r e a s e ,  neg- 
a t i v e l y ,  3.n pitching--moment o o s f f i c i e u t s  o v e r  t h o s e  of 
t h e  Powler  f l a p .  

i NTROBU CTI  ON 

With i n c r e a s i n g  speed  arid wing I .oadiag  of t h e  rnodoitn 
a i r p l a n e  a r i s e s  t h e  d i f f i c u l t y  o f  o ' b t a f n l n g  h i g h  lift for 
] .anding arid t ake- .of f  and s b i l l  m a i n t a i n i n g  a a e q u a t e  l a t -  
e r a l  c o n t g o l  u n d e r  a11 f l i g h t  c o n d i t i o n s ,  111 o r d e r  % O  
o b t a i n  so1:cltions f o r  bhis problem t h e  NASA i s  i n v e s t i g a t -  
i n g  l a t e r a l - c o n t r o l  d e v i c e e  f o r  wings w i t h  f u l l - s p a n  f l a p s ,  
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The u l t i m a t e  aim o f  L b i e  f n i e s t d g a t l o n  i s  t o  o b t a i n  ar-  
r angemen t s  h i  t h  h i g h - l i f t  c o e f f i c i e n t s  a n d  a d e q u a t e  l a t -  
e r a l  con t ;*o l ,  w i t h  a &ininurn o f  d r a g  i n  t h e  h i g h - s p e e d  
c o n d i t i o n ,  a n d  w i t h  a nin’rnum of  s t r u z t u s a l  a n 6  mechani -  
c a l  d i f f i c u l t i e s .  

e 

T w o  d e v i c e s ,  t h e  p l u g - t y g e  s p o i l e r - s l o t  a i l e r o n  ( r e f -  
e r e n c e  l !  and  t h e  a l - n l n  a n d  s l . o t -1 ip  a i l e r o n  c o m b i n a t i o n  
( r e f e r c n c e  2 )  h a v e  been  d e v e l c p e d  f o r  u s e  w i t h  f u l . l - , s p a a  
BACA $ , l o t t e d  f l a p s  ( r e f e r e n c e  3)- These  d e v i c e s  show 
much p r o a i s e  f r o m  wind- t i inne l  r e s u l t s ,  B e c a u s e  r e t r a c t -  
a b l e  f l a p s  ( r e f e r e n c e s  4 a n d  5 )  as t y p i f i e d  by t h e  Fowle r  
f l a p  may g i v e  h i g h e r  l i f t  c o e f f i c i e n t s  t h a n  t h e  NACB 
s l o t t 2 d  f l a p ,  s e v e r a l  l a t e r a l - - c o n t r o l  d e v i c e s  ( r e f e r e n c e s  
6 ,  7 ,  and 8 )  have b e e n  d e v e l o p e d  f o r  u s e  w i t h  fu.11-span 
r e t r a c t a b l e  f l a p s n  “he d e v i c e s  a l l  a p p e a r  f rom wind-  
t u n n e l  t e s t s  t o  ’le s a t i s f a c t o r y .  The r e s u l t s  of  t e s t s  
made w i t h  f u l l - . s p a a  e x t e r n e l - a i r f o i l  f lap . .  and  o r d i n a r y  
a i l - e r o n s  ( r e f e r e r i c e  9 )  i n d i c a t e  s a b i s f a c t o r y  l e t e r a 1  c o n -  
t r o i o  

The r e s u l t s  of  t h e  i L v e s t l g a t i o n s  of t h e  i v e t r a c t r b l e  
and  t h e  , e x t a r n a l - a i r f o i l  f l a p s  l e d  t o  the deve lopmen t  O f  
t h e  f u l l - s p a n  h i g h - l i f t  l a t e r a i - c o n t r o l  d e v i c e  d e s c r i b e d  
i n  t h i s  p a p e r ,  This C e v i c e  is nuch s i l ~ p l e r  t h a n  t h e  o n e s  
d e s c r i b e d  i n  r e f e r e n c e s  ‘7 and  8 and o f f e r s  l o w e r  d r a g  i n  
t h e  h i g h - s p e e d  c o n d i t i o n  t h a n  t h e  a x t e i n a l . - a i r f o i l  f l a p  
o f  r e f e r e r i c e  9 b e c a u s e  i t  r e t r a c t s  w i t h i l l  t h e  a i r f o i l  
cootour. 

The NACA h i g h - l i f t ,  l a t e r a l - c o n t r o l  c o m b i n a t i o n  i s  a 
f u l l - s p a n  f l a p  of  a i r f o i l  p r o f i l e  t h a t  r e t r a c t s  a h e a d  O f  
t h e  n a r r o w - c h o i d  f u l l  - span  a i l e r o n ,  ‘In t h e  f l a p - r e t r a c t e d  
c o n d . i t i o n  t h e  a i l e r o n  i s  a c o n v e n t i o n a l  t r a i l i n g - e d g e  a i -  
l e r o n  o f  s n a l l  c h o r d  and l a r g e  s p a n ,  a d e v i c e  known t o  
g i v e  s a t i s f a c t o r y  l a t e r a l  c o n t r o l  and l i g h t  s t i c k  f o r c e s ,  
I n  t h e  f l a p - d e f l e c t e d  c o n d j t i o n  t h e  f l a p  i s  s i m i l a r  t o  a 
Fowler  o r  a11 e x t e r n a l - a i r f o i l  f l a p  and  t h e  a i l e r o n  becomes 
a f u l l - s p a n  s l o t - l i p  a i l e r o n .  T h i s  t y p e  of  a i l e r o n  h a o  
’been shown t o  b e  v e r y  p o w e r f u l  when f l a p s  a r e  d e f l e c t e d .  
( S e e  r e f e r e n c e s  2 ,  8 ,  and 9,) The a i l e r o n  i s  d r o o p e d  i n  
t h e  f l a p - d e f l e c t e d  p o s i t i o n  t o  improve  t h e  h i g h - l i f t  
c h a i * a c t e r i s t i  c s  o f  t h e  combina t  i o n .  

The. h i g h - l i f t  c h a r a c t e r i s t i c s  o f  an  NRCA 23012 a i r -  
f o i l  w i t h  0 ,15c  and  0 - 2 5 c  c h o r d  r e t r a c t a b l e  € l a p s  i n  corn- 
b i n a t 5 o n  w i t h  a p l a i n  and w i t h  a s l o t t e d  0,Oi)c c h o r d  a i -  
l e r o n  are p r e s e n t e d  h e r e i n .  
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. 

The a i r fo l ! .  model u s e d  i n  t h e s e  t e s t s  had  a c h o r d  of 
3 f e e ;  an& a span  o f  7 f e e t ,  It oonformad t Q  t h e  NACA 
23032 a i r foS .1  pi*Of-l?.e ( f i g ,  l(a) and t a b l e  1: arid had a 
removable  t r a i l i n g - e d g e  p o r t i o n  t h a t  a l . l owe& f o r  r a p i d  
changirig of  c l i 1 e i . o ~  and s X o t  s h a p e s o  The b a s i c  moCel. was 
t h e  same as u s e d  i n  r e f e r e n o e s  4 and 5 ,  

The fu l l .  -3pan re'crac.l;a):l e f l a p s  u s e d  I n  l.his i n v e s -  
tigation had C l a r k  Y a i r f s i l  p r o f i l e a  a c d  c h o r d s  o f  9,OO 
and 5,4 i n c h e s  ( 2 5  sild i s  p e r c e u t  of airfoil c h a r d ,  r e -  
s p e c t i v e l y ?  ( f i g .  1, t a b l e  I ) .  They were  c o a s t r u s t e d  of  
l a m i n a t e d  mahogany and  were a t t a c h e d  t o  t h e  a l . i . fo i l  w i t h  

. three meta l  f i t t i n g s ,  The f l a p - n o s e  p o i n t ,  i;he p o i n t  of 
t angency  of a l i n e  drawn i ~ ~ z m a l  t o  t h e  ?Zap chord  l i n e  
an6 t a n g e n t  t o  f i a p - n o s e  a r c ,  o o u i d  b e  moved a l o n g  t h e  
path g i v e n  i n  t a b l e  XI, " h i s  p a t h  was s a  k a l d  out t h e t  
t h e  p l a i n  aileron would j u s t  clear t h e  flap U O S G  and ai- 
lowed f o r  g, wide T a r i a t b o n  i n  f l a p - n o s e  p o s i t i o n ,  The 
f ' :ap gap is d e f i n e d  eo the d i s t a n c e  f rom t h e  lower  sur- 
f a c e  a t  t h e  t r a i l i n g  edge o f  t h e  a i i e r o n  t c  nase p o i n t  
o f  t h e  f l a p  ( L a b l e  IT), I h e  f i a p  was a r r a E g e 8  for l o c k -  
i n g  i n  downward, o r  p o s i t i v e ,  flap d e f l e c t i o n s  from 1.0' 
t o  60' i n  5" j n c r e m e n t s ,  

The v a r i o u s  a l l e r o n - f l a p  a r r a n g e m e n t s  t e s t e d  a r e  
shown i n  f i g u r e  3 ,  Beth  t h e  r e t i a c L e d  and  t h e  e x t e n d e d  
c o n d i t i o n  of t h e  d e v i c e s  a r e  shown,  

The p l a i n  a i l e r o n  had  a c h o r d  OP 2 , 8 8  i n c h e s  ( 8  per-  
c e n t  o f  a i r f o i i  c h o r d )  and  confo rned  t o  the $ r a i l i n g - e d g e  
pop . t ton  o f  a i r f o i l .  ( f i g ,  : ! . ( b ) j :  i t  w a s  a t t a c h e d  t o  t h e  
a i r f o i l  wEth t h r e e  metal. fittings t h a t  allowed f o r  down- 
ward or p o s i t i v e  d e f l e c t i o n s  of 0' bo 30' i n  5' i n c r e m e n t s .  
The f - l t t , i n g s  a l s o  prov'rdod ~ C F  l o w e r i n g  t h e  a i l e r o n  1.5 
p e r c e n t  o f  t h e  a i r f o i l .  chord  t o  open a s1,ot ahead  o f  t h e  
a i l e r o n ,  !See f i g ,  L ( c ) . )  

S l o b t e d  aileron 2 ( f i g ,  3 ( d ) )  conforms t o  t h e  a i r -  
f C i l  p i ? o f i l e  i n  t a b l e  I and l e  f a s t e n e d  t o  t h e  airfoil 
W%th t h r e e  m e t a l  h i n g e 3 ,  I t  i s  h inged  a b o u t  t h e  aileron- 
n o s e  ppain'c a n d  car1 b e  l o c k e d  a t  downward o r  p o s i t i v e  de-  

* f ' l e c i j o n a  o f  C O  $0 3oC i n  1.0~ i n c r e m e n t s ,  
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l!he s h a p e  c?f t h e  f l a p  uel:L used  wit .h  t h e  ? l a i n  a i -  
l e r o n  w a s  d e s i g n e d  i;u cS.ear t h e  f l a p  u p p e r  s u r f a c e  vhen 
t h e  25 -ye~+cen t -a shord  f l a p  w a s  f u l i y  r e t r a c t e d ,  I n  t h e  
present; i n v e s t i g a t i o n  t h s  w e l l  w a s  terminated a t  t h e  
6 9 , 6 - p e r ~ g n t - c h o r d  s t a t  i o u  on t h e  a i r f o i l  l o v e r  surface 
L o  3:i.uul.ate an e x t e n s i o n  t o  s e a l  t h e  f l a p  when fu1.ri.y r e -  
brac ted .  ( f i g ,  J . (b})< ,  T h i s  ex tens f .on  o f  l ower  s u r f s c e  tJaS 
ri<:t  uxpecLed t o  affect t h e  c h a r z e t s r i s t i c s  w i t h  f l a g  d.e- 
f ? . g c t c I :  b e c a u s e  a s imi l a r  e x t e n s i o n  r e p o r t e d  i n  r e f e r e n c a  
5 bad no  e f f e o i ; ,  Ths same f l a p  well w a s  u s e d  w f t h  bhe 1.5- 
perGent-chord f 2 . e . ~  s5.ncs 5 %  was I?el.ieved that siighzt mod.- 
I f i c s t i o a : :  In t h e  fezward shape  o f  t h e  we.Ll have 1 , i . t t l e  
e f f e c t  o n  a l s f o i l .  c h a r a c b e r i y t i c s  ( r e f e f i e n c e  51, The 
F1.ai.n afrfcri.1. wXth f i t t i n g s  w a s  o k t a i a e d  Iiy o w r e r i n g  t h e  
fl .a.2 weiL w V t h  a t h i r ,  m e t a j  ?.ia.Le, This p3.ai;e a p p r c c i a -  
l l y  4rrcreesed t h e  t r a i l i n g , - s d g e  thiclrrieebG of +,'ne t t t r f o l . 1 ,  

8 

t w  I P A S I S  

The model w a s  s o  rnouilted i n  the c l o s e d - l e s t  s e e t i o n  
of t h e  NACA 7 -  by lo-foot vi i ld  t u n n e l  t h a t  i t  c o n ; p ? . ~ t ~ l y  
s?anneB t h e  j e t  except.  f o r  small c L e e r a n c e s  a t  e a c h  end ,  

. (See  r e f e r e l i c e s  3 and i . 0 , )  The main a i r f o i l  w a s  r i g i d l y  
a t t a c h e d  t o  t h e  b a l a n c e  f rame by t o r q u e  t u b e s  e x t e c d i n g  
t h r o u g h  t h e  u p p e r  and t h e  lower  b o u n d a r i e s  o f  t h e  t e s t  
~ e c t i o n ,  ?'he a n g l e  of a t t a c k  was changed f r o m  o u t s i d e  
t h e  t u n n e l  by a c a l t ' b r a t e d  e l e c t r t c  d r i v e  c o i m e c t e d  bo 
t h e  t o r q u e  tub .es ,  Bpprox ima te iy  two-,dimonsd o n a i  fl Cw i s  
o ' b t a insd  w i t h  L h i o  t e s t  i n s t a l l a t i o n  a n d  t h e  s e c t i o n  
c h a i - a c t e r i s t i c s  of t h e  mode] u n d e r  t e s ' c  c a n  be  d e t e r m i n e d -  

For  a i l  t h e  t e s t s  a dyna,mic p i e s s u r e  Q f  16,34 pounds  , . 

p e r  s q u a r e  f o o t  was m a i n t a i n e d ;  t h i s  dynamic p r e s s u r e  
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corresponds  t o  a v o l . o c i t y  o f  abcut  80 m ? l e s  p e r  hour u n d e r  
s b a n d a s d  c o l i d i t i o n s  and t o  an a v e r a g e  t e s t  Reyao lds  number 
o f  abou t  2 ,190 ,000 ,  The e f f e c t i v e  Reynold3  number,  b a a e d  
on t h e  c h o r d  o f  t h e  a l r f c l l  w i t h  f l a p  r e t r a c % e d  arid a t u r -  

co b u l e n c e  f a c t o r  for t h e  t c n n e l  d f  l,$, w a s  a p p r o x i m a t e l y  
cu C;,500,000, For t h e  effect of Raynoids  iiurtlber on t h e  a e r o -  
A 
co 

dgnsmie c h a r a c 5 e r i o t i . c ~  s e e  r e f c r e i l c s  1:L. 

I ' e o t s  were mad$ w i t h  t h e  v a r i o u s  arrangements 'Go de-  
Lermiiic t h e  f l a ?  gap a n d  t h e  a i l e r o n  zild f i e p  anglss t o  
g i v e  inaxinum L a i ' t ;  whth the 25-perseut-chord flap, v e s t s  
were made w i t h  the  15-percent -chord  flay f o r  ,ihe opt.fmum 
arsaugemer ' ts  found w i t h  the 25-pe rcen t - chord  fl.ap. L i f t  
drag, aad p5i;Ghtilg moneni; w e r e  measnsed T a r  the ar range- .  
men t y through o u t  the  a n g i e - a f - a t t n c k  range from -:6" t o  
t .be  c t a l l . , .  Ojliy a few t e s t s  w3re made a b w o  Lhe &a31 

. b e c a u s e  sf t h e  u n s t e a d y  cond : l t : ; sns  af' the model., 

A11 t e a t  r e c ~ u 1 . t ~  aro g i v e n  I n  s t a n d b r d  nond imens jona l  
o o e f € i c i e u t  form c o r r e c t e d  a s  e x p l a i n e d  i n  r e f e r e n c e  3, 
The s e c t l o n  c o e f f j c f e n t s  are: 

s e c t  i. OD p r o f i  1 e-drag c o  o f i i  c: i en  t ( ci, / qc ) 

s e c t i o n  pitching-moment c o e f f i Q i e n t  abou t  

Cd, 

( a , c . )  a e r o d y n a n i e  c a n t e r  o f  p l a i n  a i r fo i l .  

where 

a sac t j . cn  L P f - t ;  

d o  s e c t i o n  prof1 l .e  d r a g  . 
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I C chord  c f  b a s i c  a t r f o i : .  w i t h  f l a p  r e t r a c t e d  

"f 

0. d 

c h c r d  o f  f l a p  ! o v e r - a l l  l e n g t h )  

c11Grd of a i  J.eror; ( l e i l g t h  beh ind  h i n g e  l i i l e )  

&O a n g l e  Gf a t t a c k  c o r s e c t . e d  t o  i n f i n i t e  aspec t ,  
r a t  i. o 

f l a p  d e f l e o t i o n ,  measured betweei i  a i r f o i l  
c h o r d  l i n e  a n d  f l a p  chord  1 i n z  

6 f  

6, ai:Ler.on d s f i e c t 5  on. rnez,sured between a l r f o i l  
chord  l i n e  and a i l c r o n  c h o r d  ilne 

%'he v a l u e s  o f  t k e  in~remoi i ' ;  c f  s e c t i o n  maximum i 9 f t  
c o e f f i c i e n t  A c :  a r s  a,'?l b a s e d  0x1 t h e  s t a n d a r d  air -* 

f o i l  v a l u e  
max 

= :I ,55. ' 1max 

P r e c i s i o i i  

T'he e c c u r a c y  o f  t h e  v a r i o c s  measurements  f n  t h o  teest..s 
I 

i s  ' be l i eved  t o  b e  w i t h i n  i h e  fo!l.orving limits: 

0006 

20,002 
C d o  *0,03 

' 7 m a x  ( c l ,  = 2,5j 

f 0 .> 003 0 
A O "  2 

' *0,,0003 F l a p  p o s i t i o n  * O "  0O'i.c 
Onin 

Cd 

No a t t e n p t  w a s  nade t o  d e t e r n i n e  t h e  e f f e c t  o f  h i n g e  
f h . t t 3 . n g s  b e c a u s e  t h e  e f f e c t  i s  b e l i e v e d  tc! be small .  I"ne 
r e l a t i v e  m e r i t s  o f  t h e  sevei*al .  a r rangemar i te  e h o u l d  n o t  b e  

. a p p r e c i a b L y  a f f e c t e d  b y  h i n g s . - . f j . t t i i g  d r a g  b e s a u s e  s imi l a r  
hi i ige f i t t i n g s  were x s e d  f o r  aI.7. a r r a n g e n e n t s n  

? 



. 

a3 
u3 . c u  
A 

The c.ompl.ete a e r o d y n a v i e  s e c ' c i c n  charaoterlstlcs of 
t h e  p l a i n  I?ACA 2381.2 & , f r f c i l  w i t h  a n d  wi+;hou. t  h j n g e  fit- 
t i n g s  a r e  g i v e n  i n  figure 2, The drtta: fsi' t h o  ota.ndard 
a i - i ' o i l  have l e s n  d i a o u s s c d  i n  r e f e r e n c e  3 and r e q u i r e  rio 
f.jx*';hei> df. scu3s:loxi h a r e ,  The a l  rfo13 w Z t h  L h e  f l a p  f!, t- 
tlngz sk.,o.Jied a:l i i l creass  i n  drag, au incresse c s g a t i v e l y  
of t h o  pitching-moment  c o e f f i c i e n t ,  and  a desreaso i n  t h e  
s l c 3 e  of t h e  i l f t  c'urve. The change i n  p i t c h i n g - s o m e n t  
c o e f f i c i e n t  aud t S e  change ia the e l o p e  o f  t h e  l i f t  c i i rve  
w e r e  p r o ' b a l l y  o c u a c d .  by t h e  increase i n  t h i i ? k r i e c s .  :,f t h e  
t r a i ? i t i g  odce  c;f t h e  a i r f c i l  due  t o  t h e  n o t h o d  o f  c m e r -  
ifig the f l . a p  wc.1.1.,, 

A r r a n g e m e n P  A .  - The aOmpai*isOn o f  Lh9 iccreEe,:ts O f  
I_.-- 

s e c t i d n  maximu;;l ?. i ,F 'C c o e f f i c i e n t  ( P j , g .  z ( d ) )  shows i h & t  
t h e  r s t r a c ~ t a l l s  externaL-airfoii f l a p ,  '3, = 9, geve  a 
Ac of lO2'?: 'Phis val ,ue  i s  c c m p a r a l i e  w i t h  t h e  v a l u e s  
r e p c r t e d  i n  r e f e r e r l c e s  3 an9 9 for  t h e  externa3.-a , i r foCI.  
f l a p  and is a b o u t  t h e  s a n e  i13 t h e  7al.c.e Y C P  the 0,25660 
e l ; t t e d  * f l ap  2-h ( r e f e r e n c e  3 1 ,  l ) : ~ c c y i n g  t h e  aileron t o  
25 wi%h a gap o f  0,03.8~ gave t h e  anax3inum 7 a l u u  o f  
Ac = L , c ~ ,  an& a2 a i l e r o n  ~ o f ~ . e c t i o : :  cf 'ioc w i t t i  G 

gap o f  0,01.6c gave  Ac1. = 5.,42, I t r o o p i n g  t h e  c i i l exon .  

et.i;h.ex 1.0' or 3.5', t h e r e f o r e ,  g i v e s  an  i n c r e a s e  i n  A c t  

of a b o u t  0.>!..6, 

3 

4 m a  

max 

m ax 

A comparieoa ci p r o f i b e 4 1 b a g  c o c f f i c f e a t s  ( f i g ,  3(b)) 
ohows that t h e  p l a i n  airfoil h s d  t h e  l o w e s t  pA*of l l e -d reg  
c c * e f f i c i e n t  t o  y a l u e e  of cg = 1,4 sild t h a t  8 ,  = 0 ,  
gap = Oai)1.5c had t h e  1 b w 3 e :  p r o f i l e - d r a g  c o e f f 3 c i e n t  from 
C i ,  E: 1,4 . io  3. ,9 ,  Above 0 1  = '2,9 the a r rangemen t  w i t h  

= 100 , gap = 0 , 0 1 6 ~  gave t t e  l o w e s t  p r c f l 2 e - d r a g  
coe f  fici snt 
6, 

Frcm tho  r e s u l k s  p r e s e n t e d  in f igu .ree  3 ( a )  and 3 ( b ) ,  
i t  w o u l d  appear t h a t  t h e  cpzimum 6, Zor arranqoment  A ,  
b a s e d  on  a compromise of l i f t  and drag ,  would b e  io", 
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The c c m p a s l s o a  c f  t i le  p ro .Ci le -Grag  c o e f f L c i e n 5  f o r  
t h e s e  t w ~  a r r a n g e m s n t s  (Pig, 4 ( b > ;  s h o w s  LIizL t h e  p l d n  
a i r r"o? l  gave t h e  lcves{;  prc;ff le . -adrsg c o e f  f i c i e n f  5el.ow 
v a l u e s  of  c -  r. 1,4, Ba.';wee:i ' v a l u e s  o f  G!; = L , . 4  &neL 
2 , 5  arraiig5merit 33 w i t h  6 ,  = G o  gap = @,ClSc gave t h e  
lowes t  Vizj.ue o f  p r o f I l e - d i ? a g  c o e f f i c i e n t  .. AI;G'J'e va: iuas  

gave  t h e  lowest va:!.ue c f  p r o f i % e - d r a g  c c o f f i c i e a t ,  I f  
arrai igement  B were uueC; t b e  l 5 w e s f  p r c f i l e - 2 r a g  c o e f f i -  
c i e n t  cGuid b e  c'b9;ained by a d . j u s t i i l g  the val:ues o f  6 f  
ana 5 ,  t o  t h a  cptimum m g l e  f o r  a g i v e n  l i f t  c a e f f i -  
c i e n t ;  it d u e s  r i o t  a p p e a r i ,  hc:weve;, t h a t  a r r angemen t  B 
g i v e s  s u f f i c i e n t  l i f i ;  i n c r e a s e  o v e r  a r r angemen t  A t o  b e  
p r a u t i  c a b l s ,  

4, 

c f  "1  = 2,7 a ~ r a n g e n e n t  C;, $a = 30'' , gap = G s 0 l 4 - ~  

Conpar i son  of a r r a n g e m e n t s  A a n d  C c r i th  0 - 2 5 c  -- Fowler  --- 
f l a p  and 0 , 2 5 6 6 ~  s l c t t e d  € l a p  2-h.-  The c o n p a r l s o n  O f  fn- 
c remen t s  o f  s e c t i o n  maximum l i f t  c o e f f i c i e n t s  ( f i g ,  ~ ! a ! )  
shows t h a t  t h e  Fowler  flap ( r e f e r e n c e  4 )  gave  t h e  h i g h e s t  
v a l u e  o f  

-- 

( t h a t  is e 1,67) b u t  a r r a n g e m e n t  C w i t h  'max 
6, = 30' gave  o n l y  s l i g h t l y  l e s s ,  a c t  = 1,65. B r -  

max 
raxgement C, i ~ o v e v e r ,  r e q u i r e d  a f l a p  d e f l e c t i o n  o f  60" 
f o r  maximum l i f t ;  whereas  t h e  Fowler  f l a p  gave maximum 
l i f t  a t  6 f  = 40'. Arrangement A f o r  6 ,  = 10' h a s  a, 
h i g h e r  v a l u e  o f  C C ~  ( t h a t  i s ,  1,,42) i h a n  t h e  2-h 

s l o t t e d  f l a p  ( r e f e r e n c e  31, 
maY; 
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F i g u r e  5 ( b !  g i v e e  t h e  p r o f f i e - d r a g  e n v e l o p e  p o x a r s  
f o r  t h e  f o u r  a i r f o i l - = f l a p  a r r a n g e m e n t s .  The p l a i n  air- 
f o i l  h a s  t h e  16wes t  p r o f i l e - d r a g  c o e f f i c f e n t  below 
c l  = 1 - 1 ,  and t h e  Fowler  f l a p  ( r e f e r e n c e  4 )  has t h e  low- 
est; p r o f i l e - d r a g  c o e f f i c i e n t  rzbove e l  = l.1. The slot- 
% e &  f l a g  2-h ( r c f e r z n c e  3) hzs a s i i g h t i l y  lower r o f i i e -  
t i rag c b o f f i c i e n t  t h a n  a r r angemen t  f o r  6, = 10% b e l o w  
c 1  = 2 , 6 5 ,  but  a b o v e  c l  = 2,'65, a r r a n g e m e n t  A. h a s  t h e  
l o w e r  p r c f i l e - d r a g  c o e f f i c i e n t ,  A r r a n g o n e c t  S f o r  
5' :-.: 30* h a s  t h e  h i g h e s t  p r o f i . l e - d r a g  c o e f f i c l e n t  up t o  

n e a r l y  t h e  maximum l i f t  c o e f f i c i e n t  f o r  a r r a n g e ~ e n t  A and 
s l o t t , e d  f l a p  2-h and has a h i g h e r  p r o f i l e - d r a g  c o s f f i c i e n t  
than t h c  Fowler a t  211 v a l u e s  o f  c l , ,  

a 

F r o u  tiis da t a  i n  f i g u r e  5 i t  would a g p c a r  t h a t ;  f r o m  
c o n s i d e r a t i o n s  o f  l o w  d rag ,  a r r a n g e m e n t  A f o r  6, = 10' 

w a s  t h e  optimum t e s t e d ,  It, appears that a r r a n g e m e n t  c ,  
a l t h o u g h  I t  d i d  g i v e  t h e  h f g n e s t  l i f t  c o e f f i c i e n t ,  i s  
h a n d i c a p p e d  by  a l a r g e  p r o f i l e - d r a g  c o e f f i c i e n t  o v e r  t h e  
e n t  i r e 1 i f  t r ar:g e <, 

A compar l son  o f  p i tch ing-moment  c o e f f i c i e n t s  f o r  t h e  
a r r a n g e m e n t s  t e s t e d  w i t h  those o f  a 0 , 2 5 c  Fowler  f l a p  
( r e f e r e n c e  4 )  and a 0,2566 s l o t t a d  f l a p  2-h ( r e f e r e n c e  3) 
i s  g i v e n  -\n f i g u r e  5 ( c ) ,  These  curves v e r e  ob.i ;ained by 
t a k 1 n g t h e  max i mum n e  ga t i v e p i t c h j. ng-m omen t c o e f f i C i e n t 
f o r  a g i v e n  a Z i e r o n  and f l a p  d e f l r ? c t i o n  and p l . o t t i n g  
a g a i n s t  t h e  maxinum l i f t  c o e f f  i c i e n i  P u r  t h o s e  d e f l e c t i o n s .  
S i n c e  all t h e  f l a p s  compared h a v e  t h e  b a s i c  NkCA 2303.2 
a i r f o i l .  as t h e  flnp-retracted c o n d i t i o n ,  t h e  v a l u e s  map 
be  taker:  as t h e  i n c r e m e n t s  o f  p i  t ch ing-nament  d o e f f i c i e n t  
r e s u l t i n g  f r o n  a giver-  a i l e r o n - f l a p  d e f l e u l i o n ,  F r o m  t h e  
data of  f igu1.e  5(c) i t  i s  a p p a r s n t  t h a t  t h e  s u l j e c t ,  corn-. 
b i n a t i o r l  g i v e s  a n  i n c r e a s e  i i e g a t i v e l y  T e L a t i v e  t o  t h e  
I ' O w l o r  flap ( r e f e r e n c e  4 )  of  aboub 0.1 l.n p i tch ing-momect  
C o e f f i c i e n t ,  

Ar rangemen t s  D and E,- The c o n p a r i s o n  o f  t h e  inc:r..e- 
--------c 

ments  o f  s e c t i o n  maxi.num l i f t  c c e f f i c i a n t  f o r  a r r a n g e m e n t s  
D and 31: and f o r  t h e  0,15c Fowler  f l a p  ( r e f e r e n c e  4) are 
g i v e n  i n  f i g u r e  6 ( a ) ,  Arrangement  3 f o r  6, = 30°, 
gap = 0,514~ gave the h i g h e s t  v a i u e  of ~ c z ~ ~ ~ .  T h i s  

v a l u e  o f  L , L 6  i s  o n l y  s l i g h t l y  h i g h e r  t h e n  t h e  v a l u e  f o r  
t h e  0-15c Fowle r  f l a p  ( r e f e r e n c e  4 ) .  F o r  t n e  0 ,15c  
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r e t r a c t a b l e  f l a p  t h e  optimum a i l e r o n - g a p  a r r a n g e m e n t s  were 
a b o u t  the same a s  f a r  t h e  0 . 2 5 0  r e t r a c t a b l e  f l a p o  

"!he Cornpar? sc.n of p r a f i l e - d r a g  c o e f f i c i e n t  ( f i g .  6 ( b ) )  
shovs  til$ p l a i n  a i r f o i l  t c  h a v z  t h e  l o x e s t  pr;file-drag 
c o e f f i c i e n t  t o  v a l u s s  or" c i  = L 2 i ;  a b ~ v s  t h a t  val.ut3 t h e  
O,:.Sc: Eowa er h a s  t h e  l c w s c t  p x * o f i l s - d r a g  c a e f f i z F e n t ,  A 
c b n p a r i s o n  o f  a r r a a g e m e n t s  t e s t e d  s h o w s  t h s t  arrangsLcent  
D f o r  6, =- 0 g ~ v e  t h e  l o w c s t  p r o f i l e - d r a g  c o e f f i c i e n t  
f r o m  " 1  = I,$ t o  1," and t h a t  a'bove c z  = 13'; a r r a n g e -  
ment 3 g a v e  t h e  l c w e s t  p i - o f i l e - d r a g  c o e f f i c i e n t ,  

S r? c ?; i on $e 1- ody nam 9 c Ch arac t e r i s t i 3 8 

'1 digures 7 t c  10 g i v e  t h e  s e c t i o n  ae rodynan i :  c h a r e c -  
t e r i s t i - s  f o r  t h e  c p t i n i m  a r r a n g a m z n t s  t e s t e < ,  F i g u r e s  
?(a! t o  7 :c )  q l o s  t h e  characterisLics far a r r a n g e m e n t  A 
f o r  T h e  e f -  

f e c t  o f  gap on the c h a r a c t e r i s t i c s  o f  s r r a n g e m s n t  A w i t h  
6, = 15' a,n& S f  = 40" i s  g i u e n  in f i g u y e  ? ( a ) ,  which 
shows a gap o f  O , O i E 3 c -  t o  b e  optimum f o r  naximum l i f t  c o -  
e f f i c i e n t  a t  t h c s e  J e f l e c t i o i i s ,  F l ~ u r e s  8 t o  10  g i v e  t h e  
c h L r a c t 2 F i s t i c s  f o r  t h e  r~ptirnum a i % e r . c n  d . e f l a c t i o n s  and  
f l a p  gaps f o r  a r r a n g e m e n t s  C, D, and E, 

5 ,  2 Oc, 10", and  3 . 5 O  a t  t h e  o~>t imuni  gap 

L a  t e I' a1 .-- C o ~r t r o 1 C'n a r a c  t e 1% i s t i c s 

F r o m  t h e  h i g h - l i f t  d a t a  p r e s e n t e d  i r ,  t h i s  r e p o r t  it 
a p p e a r s  t h a t  t h e  opt lmun a r r a n g e m e n t  t e s t e d ,  c o n s i d e r i n g  
b o t h  s t r u c t u r a l  and  ae rodynamic  q u a l i t i e s .  i s  a r r a n g e m e n t  
A w i t h  t h e  a i l e ; - c n  d rooped  l o o .  S i n c e  t h e  a r r a n g e m e n t  
o f f e r s  n o  new l a t e r a l - c o n t r o l  dcvi.:e i n  i t s e l f ,  f l i r t h e r  
t e s t s  will n o t  b e  mace a t  t h i s  t i m e  Lo  d e t e r m i n e  t h e  
l a t e r a l - c o n t r o l  c h a r a c t e r i s t i c s ,  i t  should 'be p o s s i b l e  
t o  d e s i g n  a g r a c t i c a l  i n s t a l l a t i o n  f o r  f l i g h t  o r  wii ld-  
t u n n e l  t e s t s  f i * o m  a v a i l a b l e  d a t a ,  

-___ P l a t n  a i l c r o n . ,  -. With t h e  flap r e t r a c t e d ,  t h e  l a t e r a l -  
c o n t r o l  d e v i c e  c o n s i s t s  o f  an  0,08 : :  by  1 , G O  b / 2  p l a i n  
s e a l e d  a i l e r o n .  Data  f o r  s u c h  a n  a i l e r o n  a r e  n c t  d i r e c t l y  
O b t a i n a b l e  h i  i t  a p p e a r s  t h a t  t h e r e  are s u f f i c i e n t  d a t a  
i n  r e f e r e n c a s  2, 9 ,  1 2 ,  1.3, and  1 4  t o  p r e d i c t  t h e  c h a r a c -  
t e r i s t i c s ,  
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From t h e  d a t a  of r e f e r e n c e  i2, 3 . t  a p 7 o a . r ~  t h a t  t h e  
f c l l - s p a n  0 , 0 8 c  a i l o r o n  woulS g t v e  about 50 t o  60 p e r c e n t  
m o r e  r o l l i n g  momsnt t h a n  t h e  0,IOc 'bg 0,3;, b / 2  p l a i n  ail.-. 
e ro i i  o f  r e f e r e n c e  8 and hzve o n l y  10 L o  20 p e r c e n t  mor$ 

a3 b i n g e  mosent f o r  t h e  same dc.?leot'ioTJ range, Thus, 
~ a i ~ . L d .  a y p c a r  f r o m  t h e g e  d a t a ,  t h a t  t h e  0,38s a l l e r o n  would 

A g i v a  s s t i s f a c t o r y  T o l l i n g  izonents 2nd l i g h t ;  a t i . c k  f o r c e r ,  
I f .  t?;e stick forces were high, however ,  they ccu3.% 'be 
r e c u s e d  by i n c o r p o r a t i n g  arL i n t e r n a l .  bal .a i iz ing eya+;em, 

cn 
N 

b o ; n  t h e  r c s u l t i s  o f  flight t e s t s  ( r o f e r e n o e  13) and 
f r o i n  t h e  c r i i e r i o n  f o r  a a t ~ s f a u t o r g  l a t e i * e l  c o n t r o l  as  
givei i  i n  r e f s r e n c o  14 ,  a 0 , 0 9 c  by 0,82 512 p la . In  s e a l e d  
s i l c i o n  gave s a t i s f a c t o r y  c h a r a c t e r i s t i c s  on a wing of 
sonewhat q u e s t i o n a b l e  t o r s i o n a l .  r i g i d i t y -  I t  would ap- 
p e a r ,  t h e r e f o r e ,  Lhat a 0 09c by 1 , C O  b / 2  p l a j n  s e s l e d  
a i l s r o n  s h o u l d  b e  s a t i s f a c t o r y ,  

S l o t - l i ?  q i l e r o n , -  V i t h  the f l a p  i n  t h e  d e f l e c t e d  ---- ----_. 
posttion, t h e  a i l e r o r ^  b 5 c o a e s  a s l o l , - . l i p  a i l e r o p ,  a t y p e  
t h a t  h a s  a lways  a p p e a r e d  f r o 3  t e s t s  t o  g i v e  h i g h  r o l J i n , ~ -  
moment c o e f f i z i e n t 3  ( rezeerences  2 ,  3: a-10 91, S i n c e  t h e  
a i l e r o n  of O , S ~  b / 2  span  i n  r e f e r e n c e s  2 and  a gave  suf- 
f i c i e n t  r o l l i n g  nonont  n c  d i f f l c u l t y  s h o d  d be encoun-  
tered with ' the fu l J . - spsn  s i o t - l i p  aileron, J t  might  b e  
f e a s i b l e  bo pimavide a d i f f e r e i i t i a l  f o r  the s 1 . 0 t - l i p  a i - .  
l e r o n  t h a t  would b e  a c c e p t a b l e  f o r  ihe p l a i n  a i l e r o n  a l s o ,  
t h s  e l i m i n a t i u g  oiie more o f  t h e  i l i f f i c u i t i e s  usua1i.y 
found w i t h  l a t e r a l  - c o n t r o l  d e v i c e s  f o r  u s e  w i t h  fu1.1-cDan 
fl ,aps 

The resulks o f  t h e  p r e s e n t  i n v e s t i g a k j o n  i n d i c a t e  
t h a t  t h e  NA.CA I ' u l l - s ~ a x i  high-2.j  f t  3 a t e r a l - c o n t r o l  c o n b i -  
n a t i o n  w i l l  g i v e  maximum l i f t  c s e f f i c l e n t s  a s  high a s  
t h o s e  o f  any o t h e r  c o ~ b i n a t i o n  o f  e q u a l  mechaLlica1 and 
structural a c c e p t a b i l i t y  b u t  may g i v e  l a r g e r  p i t c h i n g - .  
monerit; c o e f f i c i e n t s .  B r o m  avaiPab1.e t e s z  results o f  pre.-  
< r i m s  * l . n v e s t i g a t i o n 6  i t  appea l  s that t h e  l a t e r a l - c o n t r o l .  
c h a r z , c t a r i s t i c s  of t h e  BACA comblna t ion  w i l l  b e  e c c e p t a b l e  
unde r  . d l  f l i g h t  c o n d i t i o n s  w i t h  i h e  f l a p  e l t h e r  extended 
Or r e t r a o t s d ,  I t  i s  recommended i h a t  wind- tunnel  t e s t e  
b e  made o f  tha  conbinatPo11 on a11 BA.CA Iov - .dzag  a i r f o i l ,  

Lang ley  13emorial A e r o n a u t i c a l  L a b o r e t o r y  
N a t  i onal  Advi  s ory Commi,t 'c e e  f o r  Aeronaut  i c 8 ,  

Langley  Fi. e l d  V a ,  
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NACA Fig. 1 

aJ P b l l  NACA Ern2 &d, 
c i5f.E. 

Retracted Deflected 

(b) The 0 . 2 5 ~  retractoble slotted flap with plain aileron 
Arranqemsnt A. 

I 9 1 e ~  fo L.E. 

. 9 z c  to LE. 

D e f  I ected 

.69Jc fo L.K 

Retracted 

($The aZ5c retractable slotted flap wlth Blotted allerm 1 - 
Arranqement B. 

c R L.€. .p12c TILE 

Retracted Deflected 

@)%e 0 . 2 5 ~  retractable slotted flop with slotted o i l e m  2 .  
Arronq ernent C - 



FIGURE 2 . - Aerodynamic section characteristics of N A C  A 23012 
plain airfoil. 
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(b)  Section profile-draq coefficient. 
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NACA Fig. 6 

Flop deflection, bf,deg 

(a) Increment of section maximum l i f t coefficient. 

(b) Section profile-dmg coefficient. 

FIGURE 6. - Comparison of oerodynarnlc Section charactertstCs 
of NACA 23012 airfoil with a 0.15~ retractable 
slotted flap and both 0.08~ slotted and plain ailerons 
at wrious aileron angles and flap gaps. 



Sect ion  lift coeff iclent, ct 
(a) s,=o"j 9 Q P * O . O / 5 C .  
F ~ G U R E  7- Aerodynamic secfion ckaracfer is t ics  of an N A C A  2 30/2 

airfoil wi th  a 0.25-c retradable slol'ted f lap  and en 0.08~ p/ah 
aileron - 



Section liff coefficient, c2 
cbj S q = / O o ;  pap =O.O/Gc-  

FtcuRE 7- Contiwued. 
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5ection l i f t  coe f f i c ien t ,  c2 
CC) S,=/5"j  p a p = 0 . 0 / 8  C .  

F G U ~ . E  2 -  Gontifiued 
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f;- 
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Section Iif t toefficient, cz 
(d. 1 Sa= IS O; 6,. 40'. 

~ ~ G U R E  ?*- co#c/uded. 



~ e c t i o n  iift coefficient cL 

FIGURE 8 - Aerad’namic sect ion characterisfics of an NACA 23012 
airfoil w i t h  a 0 . 2 S c  retractable slotfed f h p  and an 0108~ 
slot fed aileron E .  S4- 30; papw (3.0/4 c . 



Section lift coefficient, c2 
Ca.1 &= O:j qap= 0.0/5c. 

F i w R E  9- Aero&namic section characteristic s o f  an NACA 230/E airfoil 
w i t h  a O.l& re t rac tab le  slothd f l a p  and a n 0 . 0 8 ~  plain a i h o n .  



5ec t ion Iif t coefficient ,, cz 
SP=/50; pap- O . O / B c .  

F/GU+E 9.- Conc/oded. 



Section lift coefficient, cZ 

EGURE lO.-Aerod>numic s e c t i o n  c h a r a c t e r / s f i c s  of an NACA 23012 
airfoi l  with Q 0 . 1 5 ~  retractable slof ted f lap a n d  a n  0.08~ 
slofted ‘aileron 2. 30; gapz 0.014 c. 


